,0 7.12 ]docosane, INT = isonicotinate) have been prepared and characterized by X-ray crystallography, electronic absorption, and cyclic voltammetry. The crystal structure of 1 reveals an axially elongated octahedral geometry with two axial isonicotinate ligands. The electronic spectra, magnetic moment, and redox potentials of 1 also show a high-spin octahedral geometry. However, 2 shows that the coordination environment around the copper atom is a distorted square-pyramid with an axial water molecule. The spectra and electrochemical behaviors of 2 are also discussed.
Introduction
There has been considerable interest in structural, thermodynamic, and kinetic studies of the metal complexes with polyaza macrocycles because of their significant implications in analytical, biological, and other application. [1] [2] [3] [4] [5] [6] [7] [8] [9] The structures of metal complexes with these ligands are affected by several factors, including the metal ion size and ligand topology, such as the cavity size, type and number of donor atoms, and stereochemical rigidity. [7] [8] [9] The coordination environments around the metal ion in these macrocyclic complexes are square-planar or octahedral. In a previous paper, we reported the synthesis and X-ray crystal structures of [Ni(L)X 2 ] (X = N 3 − , NCS − , ONO − , NCO − ), 10, 11 [Cu(L) 13 in which the metal ion reveals an axially elongated octahedral geometry with two axial ligands. The compound [Cu(L)N 3 ](H 2 O)(ClO 4 ) has a distorted square-pyramidal geometry, with four nitrogen atoms of the macrocycle and one nitrogen atom of the axial azido group. 14 However, a intra-and intermolecular two-dimensional chain compound [Ni(L)(BDC)]·2H 2 O (BDC = 1,4-benzenedicarboxylate) 15 reveals a distorted octahedral coordination environment, in which the macrocycle, water molecules, and BDC anions have assembled around the nickel center. The BDC anion is a good candidate for a molecular building block because of its rigidity and stability in the resulting porous framework. However, the complex [{Ni(DL-Me 6 cyclam)} 2 (µ-OCN) 2 ](ClO 4 ) 2 (Me 6 cyclam = DL- 5,5,7,12,12,14-hexamethyl-1,4,8,11-tetraazacyclotetradecane) shows that the cyanate group acts as end-to-end bridge with the nickel(II) ions in an NiN 5 O octahedral geometry. 16 The same synthetic strategy with the azido group leads to a transmonobridged one-dimensional network with Me 6 cyclam [15] and cyclam. 17 The different molecular topologies in the complexes may be due to the anionic effects such as stereochemical rigidity and different coordination modes of the anions.
In the present work, we report the synthesis and characteri To evaluate the effect of the anionic groups, we have investigated the X-ray crystal structures, spectroscopic, and electrochemical properties of these complexes.
Experimental Section
Materials and Physical Methods. All chemicals used in the synthesis were of reagent grade and were used without further purification. The macrocycle L was prepared according to the literature method. 18 Solid state electronic spectra were measured by the diffuse reflectance method on a Varian Cary 300 UV-Vis spectrophotometer. Solution spectra were obtained on a Jasco Uvidec-610 spectrometer. Infrared spectra were recorded as KBr disks on a PerkinElmer Paragon 1000 FT-IR spectrometer. Room o C. X-ray Crystallography. The X-ray single crystal data for the compounds were collected on an Enraf-Nonius CAD4 diffractometer equipped with a graphite-monochromated Mo-Kα radiation (λ = 0.71073 Å). The crystallographic data, conditions for the collection of intensity data, and some features of the structure refinements are listed in Table 1 . Accurate cell parameters and an orientation matrix were determined by least-squares fit of 25 reflections. The intensity data were corrected for Lorentz and polarization effects. No absorption correction was made during processing. The structure was solved by direct method 19 and refined by the full-matrix least-squares method with use of the SHELXL97 package program. 20 All non-hydrogen atoms were refined anisotropically. Hydrogen atoms were located in calculated positions, allowing them to ride on their parent C atoms, with U iso (H) = 1.2 U eq (C), whereas the methyl groups were treated as rotating rigid groups with U iso (H) = 1.5 U eq (C). For 1, the hydrogen atoms of four water molecules were not found. For 2, the two hydrogen atoms of Ow(1) molecule were found from difference Fourier map and their positions were fixed and refined isotropically. The hydrogen atoms of Ow(2), Ow(3) and Ow (4) 
Results and Discussion
Crystal Structures. An ORTEP drawing of 1 with the atomic labelling scheme is shown in Figure 1 . The selected bond distances and angles are listed in Table 2 . The ligand skeleton of the present compound takes the trans-III(R,R, S,S) configuration with two chair six-membered and two gauche five-membered chelate rings. An inversion center of complex 1 exists on the central nickel(II) ion. The structure of 1 shows that the nickel(II) ion is coordinated by the secondary amines of the macrocycle and that the axial positions are bonded by the two carboxylate oxygen atoms of the isonicotinate ligands, which is a six-coordinated octahedral environment. The nickel atom and the four nitrogen atoms of the macrocycle (N(1), N(2), N(1)', N(2)') are exactly in a plane. The average Ni-N (secondary amine) distance of 2.068(2) Å is typical for high-spin octahedral nickel(II) complexes with 14-membered tetraaza macrocyclic ligands. [21] [22] [23] [24] The N-Ni-N angles of the six-membered chelate rings (95.7 (1) o ) are larger than those of the fivemembered chelate rings (84.3 (1) o ). The plane of the carboxylate group is nearly perpendicular to the NiN 4 o ; the symmetry code (i) is -x+3/2, -y+1/2, -z+1). Compound 1 was not assembled in the solid state to form multi-dimensional coordination polymer, even though the isonicotinate has a stereochemical rigidity as well as a BDC anion. This may be attributed to the different donor atoms on the para site of the isonicotinate anion.
An ORTEP drawing of 2 with the atomic labelling scheme is shown in Figure 2 , and the selected bond lengths and angles are listed in Table 3 . The molecular structure of 2 consists of a [Cu(L)(H 2 O)] 2+ cation, isonicotinate anion and water molecules. Compound 2 also takes on a thermodynamically, most stable trans-III(R,R,S,S) configuration in the solid state. The geometry of the copper center is effectively square pyramidal, with all equatorial Cu-N (secondary amine) bonds in the expected range (2.012(6)-2.051(5) Å), whereas the axially bound water oxygen is less strongly bound (2.332 (5) (2) with the atomic labelling scheme (30% probability ellipsoids shown). The dotted lines indicate the hydrogen bonds. 5(1) and 94.9(1) o observed in this complex for the five-and six-membered chelate rings, respectively, are similar to those found in the 14-membered tetraaza macrocyclic complexes. 14, 25, 26 The trans-basal angles (N(1)-Cu-N(3) = 171.7 (2) and N(2)-Cu-N(4) = 170.2 (2) o ) are similar to those expected for square-pyramidal copper(II) complexes. 27 The axial Cu-Ow(1) bond is not perfectly perpendicular to the CuN 4 plane, with the four N-Cu-Ow(1) angles ranging from 88.5(2) to 101.2 (2) o . The coordinated water molecule Ow(1) forms hydrogen bonds with the carboxylate oxygen atom of the isonicotinate and chloride anion. The water molecules found in the lattice also form hydrogen bonds with the secondary amine of the macrocycle, with the carboxylate oxygen and nitrogen atom of the isonicotinate, with the chloride anion, and with other water inclusions. Furthermore, the secondary amine of the macrocycle forms a hydrogen bond with the carboxylate oxygen of the isonicotinate. Consequently, the copper atom occupies a distorted square-pyramid coordination environment in which the secondary amines of the macrocycle, coordinated and lattice water molecules, the isonicotinate, and chloride anions have assembled around each copper center. This interaction gives rise to a one-dimensional hydrogen-bonded network (Table  4 and Figure 3 ). Under this situation, the self-organization by the hydrogen bonding interaction seems to be stabilized although the isonicotinate anion is not coordinated to the central copper(II) ion. , confirm the lattice isonicotinate group. An absorption band at 1637 cm −1 in 2 was assigned to the HOH bending vibration of the coordinated water molecule, 28 which is in agreement with the crystal structure of 2. The effective magnetic moment (µ eff ) of 1 in the solid state is 2.82 µ B at room temperature, which is consistent with a d 8 electron configuration in an octahedral geometry. The UVvisible spectra of the complexes in the solid state and various solutions are listed in Table 5 . The visible absorption spectra of 1 are found at 522 nm in the solid, and at 525 and 526 nm respectively in acetonitrile and nitromethane solutions, consistent with the six-coordinate octahedral geometry. This band is at substantially lower energy than in [Ni(L)](ClO 4 ) 2 (465 nm), 18 which has a square-planar nickel(II) center. The visible spectra of 2 in the solid and solutions show that the d-d bands (d xz , d yz → d x 2 -y 2) occur at 541 (solid), 543 (acetonitrile), and 542 nm (nitromethane), which are typical for copper(II) complexes with the square-pyramidal geometry. 29 Cyclic voltammetric data for the Ni(II) and Cu(II) complexes in 0.01 M TEAP-DMSO solution are given in Table  6 . A typical cyclic voltammogram of 1 is shown in Figure 4 . The complexes 1 and 2 exhibit two one-electron waves corresponding to M(II)/M(III) and M(II)/M(I) processes. It is of interest to compare the redox potentials for the nickel (II) and copper(II) complexes with the isonicotinate ligand. The oxidation and reduction potentials for 1 are considerably more negative and positive than those for the square-planar [Ni(L)](ClO 4 ) 2 , 18 indicating that this complex makes the oxidation of Ni(II) to Ni(III) easier and the reduction to Ni(I) difficult. This fact may be attributed to the coordination of the axial isonicotinate group. A similar result is also observed for tetraaza macrocyclic nickel(II) complexes with the axial groups. 11 On the other hand, the oxidation and reduction potentials of 2 are also considerably more cathodic and anodic than those of [Cu(L)](ClO 4 ) 2 . 18 This may result from the structural geometry (square-pyramidal vs squareplane). This is consistent with the crystal structures and spectroscopic data discussed previously. 
